Objective: Several studies have been conducted regarding the effects of coal mining on the respiratory system. However, there is a lack of data concerning potential effects of coal mining on the cardiovascular system. In this study, we aimed to evaluate the potential subclinical right and left ventricular dysfunction in coal miners.
In this study, we aimed to evaluate the potential subclinical right and left ventricular dysfunction in coal miners examined noninvasively by transthoracic echocardiography.
| METHODS

| Study design and population
This single-center, nonrandomized prospective study included a total of 54 coal miners and 48 control subjects. All subjects were from Zonguldak, a city located in the north of Turkey. All participants underwent 12-derivation electrocardiography, transthoracic echocardiography, and pulmonary function test. Patients with hypertension, diabetes mellitus, history of tuberculosis, moderate-to-severe valvular heart disease, coronary artery disease, chronic obstructive lung disease, chronic inflammatory disease, and abnormal pulmonary function test were excluded. This study was conducted in accordance with the Declaration of Helsinki. The institutional ethics committee approved the study protocol, and written informed consent was obtained from each participant.
| Assessment of pulmonary functions
Spirometry, lung volumes, and diffusing capacity measurements were performed in accordance with the American Thoracic Society guidelines and were presented as percentages of the predicted values as suggested. 4 Forced vital capacity (FVC), forced expiratory volume (FEV 1 ), FEV 1 /FVC ratio, and the average forced expiratory flow during the mid 25%-75% (FEF 25-75 ) were evaluated.
| Transthoracic echocardiography
Transthoracic echocardiography was performed using Philips HD 11 XE Revision 2.0.5 (Andover, MA, US), by an experienced blinded cardiologist. from the onset of this wave to the time at peak velocity, 5 were obtained.
According to current guidelines, cutoff values of 1.6 cm and 0.4 6, 7 were considered for TAPSE and myocardial performance index, respectively.
RVFAC less than 35% was considered to be abnormal.
| Calculation of aortic root parameters
Aortic root systolic diameter (AoSD) and aortic root diastolic diameter (AoDD) were measured using M-mode at 3-4 cm above the aortic valve from the parasternal long-axis view. Aortic strain was meas- 
| Statistical analysis
The normal distribution of continuous variables was assessed using the Kolmogorov-Smirnov test. The continuous variables were expressed as mean ± standard deviation. Comparisons of the continuous variables between groups were performed using the independent samples t-test and the Mann-Whitney U-test, as appropriate.
Correlations between variables were performed using the Pearson product-moment or Spearman's rank-order correlation analysis, as appropriate. Reproducibility of interobservation was assessed using kappa statistics. A two-tailed P-value of less than .05 was considered as significant. Statistical analyses were performed using SPSS statistical software package (version 20.0, SPSS, Chicago, IL, USA).
| RESULTS
Baseline demographic and clinical characteristics of study groups are shown in Table 1 . The groups were only different in terms of diastolic and pulse pressure.
Echocardiographic findings of study groups are shown in Table 2 .
Transmitral early and late flow velocities were significantly lower in coal miner group (P < .001). However, E/A ratio and E/E′ were not significantly different between the two groups. TD velocities of septal diastolic and lateral late diastolic velocities were similar, and lateral early diastolic velocity in coal miners was significantly lower (P = .022). Aortic strain was significantly higher in coal miners than control group (P < .001). However, aortic distensibility was higher in the latter (4.14 vs 6.63, P < .001) (Figure 2 ).
Coal miners had lower tissue doppler right ventricle lateral annulus late diastolic velocity than controls, and all of the functional values of right heart were statistically significant between the two groups. In our study, mean value of TAPSE in coal miners was significantly lower than control group (1.54 ± 0.17 vs 1.73 ± 0.25, P < .001). Right ventricular fractional area change was lower in coal miners than control group (33.50 ± 6.70 vs 37.04 ± 9.26, P < .001). Myocardial performance index of the right ventricle was significantly higher in coal miners than control group (P < .05). Isovolumic myocardial velocity was lower (12.19 ± 1.53 vs 13.01 ± 2.25, P = .033), and acceleration time was prolonged in coal miners (57.24 ± 7.20 vs 52.25 ± 6.36, P < .001) ( Table 2) .
Isovolumic acceleration (IVA) values were significantly lower in coal miners than in control group (2.13 ± 0.16 vs 2.56 ± 0.36, P < .001) and were inversely proportional to exposure time (Figure 3-4) . When median exposure time (8 years) was considered as a cutoff and coal miners were divided into two groups, only IVA was significantly different between the >8 and the <8 groups. Exposure time was negatively correlated with IVA and positively correlated with MPI (P < .001, r = −.629 and P < .001, r = .472). The correlations between TAPSE, RVFAC, and exposure time were not significant ( Table 3 ).
The groups were differ in terms of diastolic blood pressures When the participants outside the average values for diastolic blood pressure (mean ± SD = 72.62 ± 11.76 mm Hg) were excluded, the subgroup analysis showed that although the statistical significance in DBP disappeared, IVA values were still higher in control group and P value was .000 (coal miners n = 36, IVA = 2.12 ± 0.16 and controls n = 35, IVA = 2.54 ± 0.36).
We did not find any difference between the smokers and nonsmokers coal working group in terms of IVA values (smokers n: 30; mean: 2.12 ± 0.19 and nonsmokers n: 24; mean: 2.15 ± 0.11 P = .644).
Other echocardiographic parameters of right ventricle were also not statistically significant (Table 4) .
Reproducibility of interobservation was calculated using kappa method (kappa value, 0.719) (observer one mean IVA for coal workers 2.133 ± 0.168, controls 2.569 ± 0.367 and observer two 2.134 ± 0.168 vs 2.570 ± 0.368, respectively).
| DISCUSSION
Coal workers, asymptomatic or have no abnormal results like obstruction or restriction at pulmonary function tests, are at risk for both Prevalence of coronary heart disease among coal miners exceeds twofold of the prevalence observed in matched general population.
Features of working environment and industrial process were proved to be risk factors for coronary heart disease among the coal miners. 12 In our study, coal miners did not specify any typical complaints regarding ischemic heart disease and patients with low ejection fraction or symptoms including angina were excluded although they had no history.
Death was frequently due to systemic hypertension, coronary arterial disease, and valvular lesions. When these causes were excluded, nearly half of men who suffered from advanced form of coal worker's pneumoconiosis (progressive massive fibrosis) had died due to right-sided heart failure that could be entirely associated with industrial lung disease. patients before cardiac surgery and IVA and 2D strain had the best diagnostic value among RV MPI, RV dp/dt, RVFAC. 16 The most important issue of this study was that as compared with other functional parameters for right ventricle, IVA was as sensitive as MPI, maybe superior and correlated with exposure time.
| Study limitations
Our study has limitations that warrant consideration. First, it was a single-center study and a certain number of patients were included. A study involving more patients could have more significant results and data. Second, longer follow-up periods would provide more comprehensive data.
| CONCLUSION
Right-sided heart is the main region of the heart affected by coal mining directly or indirectly. IVA, a load-independent predictor, might be used for determining subclinical right ventricular systolic dysfunction and risk identification in coal worker population before impaired pulmonary function test. Further studies are needed, and our study seems to shed light to these.
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Pearson correlation (r), P-value Mean ± SD Mean ± SD 
